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PREFACE

The results reported here represent the fourth and final phase in the
effort by the U.S. Army Natick Research, Development and Engineering Center
{Natick) to develop an objective method for determining shade acceptability
of textiles to bte used in the procurement of textile items by the United
States Army.

The study was accomplished through the cooperation of several federal
agencies, and contractors from industry. Phase IV would not have been
possible without the participation of three textile finishing corporations:
Bradford Dyeing Association, Westerly, RIj Duro Textile Printers, Fall
River, MA; and Delta Mills, Wallace, 8C. The cooperation of these firms,
which allowed the use of their facilities for the duration of the study, is
greatly appreciated. .

The Defense Fersonnel Support Center, Fhiladelphia (DPSC), PA and the
Defense Contract Administration Services (DCAS), Regions Boston and Atlanta,
contributed to the study by providing personnel to conduct testing both at
DFSC and at the industry sites, The author appreciates the efforts of Ms.
Carol Neri, Clothing and Textiles Branch, DPSC, and Ms. Fatricia Dynan,
formerly of DFSC, who conducted the visual and instrumental evaluations at
that test site. Thanks are also due to the Quality Assurance
Representatives (GAR) of DCAS regions Boston and Atlanta who participated in
the trial. Mr. Richard Fiorey, Me. Kathy Lemay, Ms. Audrey McCain, Ms.
Marcia Weeden, and Mr. Joseph Wronkowski contributed to this study while
assigned to the previously mentioned textile finishing companies.

The author would like to acknowledge Mr. Raymond Spring of the Advanced
Systems Concepts Directorate {ASCD), Natick, who conducted the statistical
analyses of the data. Grateful appreciation is also extended to Mrs. Robin
St. Pere, Countersurveillance Section (C08), Natick, for her assistance
throughout Fhase IV and to Mrs. Lisa B. Hepfinger, also of CO0S8, Natick, for
sharing her knowledge and experience. Finally, the author would like to
recognize and to thank Ms. Therese R, Commerford, Chief, COS and Mr. Maurice
N. Larrivee, Chief, Countersurveillance and Process Technology Branch,
Natick, for their continued support and guidance.
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COLOR MES
e IV INDUS

INTROGRDUCTION
2ACKEROUND

7o date, LFOL, tme United States Army’ s procurement agency in
Friladelphia, FA, has evaluated dyed or printed textiie mareriais for
confarmance to shade accegptapility ssecifications by the visual method
traditionally used within the textile industry. The method has been
standardized so that the government cbserver evaluates the procurement
samples agairst a standa~d sample and physical tolerance limit samples
under specifiec illumination ano viewing conditions. However, conflicting
inTersrata :x;n= cf what constitutes an acceptable color difterence
szpetime ooour hecause the pass/farl acceptability judgment is ultimately
tre subective np1~1a af the euperienced observer. These conflicts are
coalsed ir sart by differencez among observers 1n the perception of, and
response =G, cclor stimuli,

while color 15 an important attribute for any garment, color i3 an
espeCialiy 1TpOrtant consiueratlon for those garments used 1n military
agpplicat:ons, In addition to *the desire tc achieve a compatible
appearance for comgonents of noth the cress end combat uniforms for
assthetic puwrpooses, the colors selected for the battledress garments serve
a cual pursose in hslping to protect the soldier. Mulfi-colored,
disruotive campuflage patterns printed con the faorics used in comgat
uniforms are cesigned to biend with terrain elements and to reduce *he
threat cf detection., Large deviaticns from the terrain colors reduce ihe
effectivensss of thne countersurveillance properties and place the soldier
at greater risk of detection by visual means during trhe day anc nv image
intensificarion devices, which enhance visual capabilities, at night.

in the lazte 157947s Natick initiated the design anc cevelooment of an
obsective methoa of evaluating shade acceptapility &z a means of imgroving
the shade evaluatior grocess and the quality of mlitary encd i1tems. Tre

method deveioped uses = spectrophotometer as an impartial observer, and
provides guantitative colorimetric data by interfacing the instrument with
a computer. A unigue festure of the method is an obljective color
difference equation based on acceptability rather than perceptibility.
Dbservar test data obtained for the coefficients in the acceptability
aquation are based on approximately 2400 experimental color decisions made
by many observers. Therefore, both the contractor and the goverrnment can
accept the pass/fail decisions made by a neutral observer, the zolor
measurement system,

The system was cdesigned as a network of instruments.® The network
currently consists of tws host systems, located at the government’s



zsality assurance ang ressarch lagcratories, and satellite units locatea
&t geveral i1ngustry sites, Upom imclementaticn, proogucticn samplies
narmally suomitted to DFSC for visyal evaluation will be measured at

the contractor s cacilities and the acceptability data tramsmitied via
tei=commu=icatione *o DFEC for analysis, thus reducing the turn-arcund
fi1me for the evaluatign process,

The early stages of this program focused om the design, gevelopment,
grocurement and testing of a prototype system. The objectives of Phases
I and II were to design the svystem, and to develop an onjective method
for establishing shade tolerances with the use of a color cifference
{dR) equatiorn based on acceptability.®«3.4:.% In Fhage [I], the svystem
of five units was assembled and the performances of the instrumentaticon
tested as individual units and as a system.*+7+® Another achievement
in Fhase [Il was the derivatipn of numericai acceptability teolerances
+or three standard snages. These talerances were used in a short
cperational trial whigh found the level o+ agreement in visual/

~strumental and instrumental/instrumental acceptability gecisions to be
w&ry ghod.”

FHASE IV: INDUSTRY TRIAL

Tne purpase of the firal phnase of this project was to dstermines
whether the degres of correlation petween visual .ang instrumental, ang
the nterinztrumental acceptability judgments achieved in the laboratory

.could be reproduced in a progusticon Bnvircnment over an extenaed period
cf t:me, ang iz fine ture any problem areas griocr to full implementation
N0 the governaent’s guality assurance program.  The implementation 1s
In Zrogress &nd 1s expected to be complietad in 1990,

FROCEDURE

Thres finizhers under contract to print woocland camouflage
patterned fabrics sccepted the opportunity to part2cipate in the stucy.
A sategliite unit was installed at each facility. The 3overnment fuality
fAssurance Representatives (BAR’'s), who were to. conduct the testing at
eacn si1te, had no previous experience with color measuring
intrumentation. Therefore, they received instruction in system
operation, measurement and hasitc maintenance procedures. The results of
the study were used only for research pUrposes: procurement contracts
were not affected by the instrumental pass/fail decisions.

The. test was conducted in & round-robin $gormat as chown in Figure L.

Two woodland camoutlage patterned fabrics were: studied. Site.A testsd
samples of water repellant (Quarpel) treated J0/%0 nylon/cotton (nyco)
twill fabric used in the Chemical Frotective Battledress Overgarment.
Samples of 100 percent cottom, poplin ripstop fabric used in the Hot
Weather Battledress Uniform (MWRDU) were. measured, at sites B and C. The
OAR s were instructed to pull the test sampleg from the samples normally
sent to DPSC for verification testing. Accarging %o standard sampling
procedures, these samples are rangomly chosen from within the procuction
lot,?°

3



SITE A
BO/80 NYLONS fecesommommmaammmsmmeeeena e taaaaan oo e e aemenaneeanceeans ,
COTTON TWILL, :
QUARPEL (8DO) :
L DATA §
100% COTTON  hunmnneemeamenceereeeeeseamneans i
POPLIN RIPSTOP : :
{HWBDU) ; i
| SITE C P
SAMPLES 100% COTTON ——— E !
POPLIN RIPSTOP Vo ;
{HWBDU) b ;
SAMPLES NATICK
BRSC INSTRUMENTAL
“VISUAL EVALUATION EVALUATION
............................. *DATA RECEPTION
-INS
TRUMENTAL EVALUAT:QN_ S <DATA ANALYSIS
L
Figure 1

Round-Robin Format for Phase IV: Industry Preoperational Traial

The samples varied somewhat in size depending on the industry site
ot origin. For example, samples from one site were approximately 20
inches x 20 inches while samples from another were 12 inches x 20
inches. The QAR's selected and marked two measurement.areas on the
reverse side of every sample for each of the three shades studied:
Light Green 354, Dark Green 355 and Brown 356. All measurements were
made polychromatically, using a simulated Das illumination source,
inclusion of the specular component and large area of view mode (25 mm
area viewed). The test participants were instructed to recalibrate the
instrument if the measurement session exceeded two hours. A two-hour
calibration cycle was used, rather than the four-hour cycle recommended
by the instrument manufacturer as a control measure.

Each test site was supplied a piece of the standard roll with the
measurement areas marked on the reverse side of the fabric. The standard



AR DASTJITION SATCIEE Were DACHEeS &t the port with a number of layers of
i@ same facriz anc color unill infinite thickness wWas obtalned. Four
layers were UEec te tacy ®ach srhace gFf tne cotton poplin ripstop fabric,
Two lavers ware vsed to Rack each shacde of the Tuarpei-treated nyco twiil
4azr1c. To minae zze the influence of surface texture on the 1astrumental
readings, the axagonal weave lines cf the nyco twill sampies andg the
reirforcement ribs in the +1111ng direction of tne rigstop samples were
oriented to the horizontal plane when presentea to the sample port. The
=ta~darc sample was neasrred each time a new lot was tested. Two
reaSurementa were taken in ditferent areas for sach shade and the values
averaged. The colorimetric data werg calculated for Dee and the CIE

1964 10 degree standard opserver.i}

After the samples were measured at the printing facility, theyv were
sent to DFSC for visual evaluatien of the shade and instrumental
measurement. Natick performed the last round of instrumental
measurements, The data from all the sites were transmittea via
telscommumications £o Natick #or compilation and analyses.

The pass/tail acceptablility data. were caiculated using. the &4 coior
sifference eguation developed im Phase II by natick in conjunction with
Alien and Yuhas of Lehigh University. Using the Allen/Yunas method,
acceptability is defined by an eliipspid in CIELAE scace, witn tre

stancard plotted at the center.'® The tnree aues of the ellipsoic are
definaa 5y corstants which correspond to the three zirsctisons in Color
space: hue, chroms and .1ghtnass. The length of 2aln aMles correspancs to
the limit of accestability in that cirestion. A fourth coosTart safires
the crientatian o7 the 2llipsoid :n the. chromaticity clane.

Aikrenresents &n ellipsoid with its masimun limit set sgual to L.,
Therefore, a sampis with a value: of AR less than or 2gual o 1.0 wWouls cs
acceptable. However, it is possible to scale AA upward or downwarg from
1.0 and still maintain the relative sizes of the chrama, hue and lightress

%]
tre situstion warrants suach a carrection.

The acceptability equation which defines-the ellipsoid 18 as folilows:

Aa = [g., (Aa®)= +. 2012 a% bh + goaidb*i ™ + goxBL¥) =1, 3™

The,cgeffigients g,,,.zg,ziigggﬁandﬁggx are. given-by the:-

following equations:.

g.= tan=! (b*s/a%a)
g:1 = {cos28/c2r +. (sin?8/h*®)
2012 = ZsinBeosBL(1/c®) - {1/h=)]24=



=2z = (2:0®3/c?) + (cozFa/h?)
Jzx = 1/v=
Wnere: ao%, bo* = CIZLAE a* and b* of the standard and the values for

c, h and v are cnroma, hue ang lightness tolerances obtained from the
observer panel data.

Thie equation, as well &s, the numerical chroma, hue, lightness and
maximumA &4 tolerances for each of the three shades stucdiec were programmeg
into the computers. The acceptability criteria for this trial study arse
listed 1n Table 1. They are tne same numerical chroma, hue and lightness
“olerarces developed for the nyco twill fabric in Fhase III. These
tolerances were used for both faorics studied.

However, the overalldd folerances, which represent the maximum
cwable difference in color to the stantard sample, were adjusted to
izct the broad visual tolerance range which exists for the Duarpei-

ted nyco twill and the coctton poplin ripstop fabrics. The madimum AR
lues Jged as the pass/farl criter:a are listed in Table Z. Figure 2
shows the acceptablility ell: for the colors on the coticn poplin
ricstop fazric plotiesd 1a O color space,

anla 1. Numerical Tolerences for Three Colore of the woocland Fastern

Liaht Green 254 Dark Green I5%5 Erown 3596
Chroma: 1.32 1020 1.28
Hue: 1.1& 1,11 0,74
Lightness: 2.246 2,20 1.88

Table Z. Maimum A A Values for Three Coleors of the woocliand Fattern
minted on 100% Cotton Foplin Ripstop arnc &uarpel-
treated Myco Twill Fabrice

»ight Green 354 Dark Green 253 Brown Zo&
Cotton Foplin Ripstos: 1.90 2.25 2433
Guarpel-treated MNyzo Twall: 2,05 2.6 2,23

RESULTS AND DISCUSSION

The analysis was conducted on a total of approximately 1250 samples
including 289 Buarpel-treated nyco twill and 870 cotton poplin ripstop
samples. Another 200 coctton poplin ripstop sampies were reguired to be
kept on file at DFSC and were excluded from the sample population,
Freliminary analyses indicated some erratic data which clearly resulted
from a measurement error, such as measuring the wrong coler. The
exclusion of this data from the semple files for the site wnersg =-e
measurement errcre occurred accounts for the slightly uneven distributicn
of the total number of teste comduztes at each site, as listsd in Tables
and 4,

w



STANDARD AND LIMIT SAMPLES FOR
THREE SHADES PLOTTED WITH

b* A ) .
INSTRUMENTAL ACCEPTABILITY ELLIPSES

19.00-

14, 00-

N

9.00;

4.004=

-12.00 -7.00 -2.00 3.00 8.00

Figure 2

Stancarc angd vimit Sampies for Tnree Shades Flottes witr Ingtrumenta:
Acceptability Ellipees .



ed s “‘casses” when
vl a:l =res tegsting has
) as aralyzsd to
za ] _ang nstrumental
A s instrumental pass/fail cudgments. The
1 strumenta.l agreemert was determinad by comparing tne pass/fail
judgmeniz for eazh of the zatellite sites with those of Natick anag DPSC.
he resulte for both the visual/instrumental- ang interinstrumental

analyses are found in Tables I and 4,

COMFARISON OF VISUAL AND INGTRUMENTAL ACCEFTABILITY DECISIONS

Tre level of agreement between tne visual and instrumental judgments
wae high. The same pass/fail judgment was made by both the visual and
instrumental evaluations for at least 93.2 percent of the samples at each
test site, with the exceptiorn of the Light Green 334 samples tested at
site T, There the ievel of agreement was B0.I percent,

Table 7. Agresment =f Visual/Instrumsntal Fass/Fai1l Judgments {4

3 e

wpodiand Pattern Camoufiage Colore

_t. Green IS4 Dk, Green 155
Mazicy 35.7 $7.9
n=1210 n=1224
DEST 6.9 27.4
n=118% n={19.
A QET F6.1
=387 n=383
z 39,8 78.7
n=658 n=428
3 0.5 24,
n=2zZ& n=2s
n= Total numger of tests

Examinat:on of the numerical acceptability data for this group of
samples revealed that a significant number (45) had acceptability facztors
slightly higher than the maiimum numerical toierance., Tre data for the
Light Green samples were then plotted against the data for tne visual
limit sampies and the numerical tolerances in CIELAR coicr space. The
ellipse in Figure I shows that the Light Green samples from site C fall
Just beyond the maximum limit for both the visual and numerical tolerance
limits. The procurement samples which fall inside the ellipse exceeded
the maximum tolerarce for lightness, the third dimension of cclor space,
which cannot be plotted here.

khile thnese camples were vizually judged to be acceptable, tne
borderlire of acceptability is an area where the visual observer ig
expected te experience some difficulty in making & judgment. This




18.00
8.00 AA=19

17.00

16.00
15.00
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4+ = Samples Submitted:
by Contractor.C

Figure 3

Flot of Limit Samples, Numerical Acceptability El
Sampies of Light Breen 334, 100% Cotton Foplin Ri
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difficalty 18 increased whnen the visual chserver must JUCfE & single coler
feom within a complex field of four colors presest in the camoufliage
TATEri&l. TR nuamter of SAaTS.S5 wnlon exceeded th2 maximum accectasility

rance hac s gQreatsr influence on the level of agreement for site €,
se the satple population for that site was mucth smaller than the
otaZ posulation of samples measured at Natick ang DPSC.

-
T
-~
i
i

f.l.l W

rt L1 st
W13

COMFARISON OF INTERINSTRUMENTAL ACCERPTARILITY DECISIONS

The irterinstrumental agreement was also quite good. Table 4
illustrates a nigh level of agreement ranging from 87.46 to 99.7 percent on
instrumental pass/fail decisions for all test sites.. The slightly lower
levels of agreement for samples testeg at site C may once again be a
reflectian of the small sample population for that site,

The interinstrumental data were also examined to determines what
difference, i+ any, existed in the acceptability factors BAA) calculated
for the sample data measured at each site. The results indicate that for a
majarity of the data there is a close relationship among the AA values
procuced in testing at the satellite sites and Natick and DRSC

Tanle 4. Agreement of Interinstrumental Fass/Fail Judgments (%)

Natick prel nNatick/DFSC
& ?1.4 7.2 59.5
n=1122 n=1077 n=1077
B 99.& 99.% 9.7
n=1902 n=1891 n=1894
& 20,8 0.9 87.6
n=609 n=592 n=587

n= Total number of tests

The grapbs shown in Figures 4 to I0 represent the patterns found in
the analysis and dgepict all possible pairwise combinatione of AR values
for each of the test sites, on 2ach of the three colors tested. Each
graph presents the total set of data points with the four possible
judgments. The judgment was considered an agreement in the two cases
where the paired test sites either both passed or both failed a test
specimen. The judgments considered disagreements occurred in the two
cases where one test site passed the test specimen and the other failed
it. Each of these judgments is represented by a different symbol as
described in the legends for the graphs. The pest fit regression line for
the total set of points is displayed along with the 95 percent confidence
interval for individual peints around this line. The band that is formed
represents the area where there is a 93 percent confidence that acaitional
points would occur 1f more samples were tested. It should e noted that
the majority of data points iilustrated represent samplies which were
judged as "passes" by poth instruments.
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AA — DPSC
FIGURE 5
SITE A LIGHT GREEN 354 SITE A DARK GREEN 355
M — SITEAVS. M — DPSC A — SITEAVS. M - DPSC
LEGEND FOR SYMBOLS
FIGURES 4 — 6
FIGURES 4 — 6, LINEAR REGRESSION FIT AT 95 PERCENT
< CONFIDENCE LEVEL COMPARING AA NATICK VS. AA DPSC
i FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
< PATTERN, QUARPEL TREATED, 50/50 NYCO TWILL

SITE A BROWN 358
QUARPEL TREATED 50/50 NYCO TWILL
A — SITEAVS. AA - DPSC

» = BOTH DPSC AND SITE A PASS
11 = BOTH DPSC AND SITE A FAL
A = DPSC — PASS, SITE A — FALL
. = DPSC — FAIL, SITEA - PASS
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LA - SITEA

LA ~ SITEA

AA - SITEA

BA — NATICK A — NATICK
FURE 7 FIGURE 8
SITE A LIGHT GREEN 364 SITE A DARK GREEN 55
QUARPEL TREATED 5050 NYCO TWALL QUARPEL TREATED 50/50 NYCO TWILL
SA — STE A VS, 8A — NATICK SA - SITEAVS. SA — NATICK
LEGEND FOR SYMBOLS
FIGURES 7 — 9

RGURE 8
SITE A BROWN 356
QUARPEL TREATED 50/50 NYCO TWILL
M — SITE A VS. A — NATICK

fHGURES 7 — 9, LINEAR REGRESSION FIT AT 95 PERCENT

CONFIDENCE LEVEL COMPARING AA NATICK VS. AA SITE A

FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
PATTERN, QUARPEL TREATED, 50/50 NYCO TWILL

» = BOTH NATICK AND SITE A PASS
1 = BOTH NATICK AND SITE A FAIL
A = NATICK —~ PASS, SITE A — FALL
- = NATICK — FAIL, SITEA — PASS
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AA — NATICK

AA ~ NATICK

AA = NATICK VS, AA — DPSC

AA = NATICK

" AGURE 12
SITE A BROWN 356
QUARPEL TREATED 50/50 NYCO TWILL
M — NATICK VS, A — DPSC

LEGEND FOR SYMBOLS
FIGURES 10—12
IFIGURES 10—12, LINEAR REGRESSION FIT AT 95 PERCENT
CONFIDENCE LEVEL COMPARING AA NATICK VS. AA DPSC
FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
PATTERN, QUARPEL TREATED, 50/50 NYCO TWILL

+ = BOTH DPSG AND NATICK PASS
1 = BOTH DPSC AND NATICK FAIL
A = DPSC — PASS, NATICK — FAIL

.| + = OPSC ~ FAIL, NATICK — PASS




1% 4

A - SITEB

TrYTTTTTTY

00 02 04

T Y T T

06 08 10 12 14 18
A - DPSC

AQURE 13
SITE B LIGHT OREEN 354
100% COTTON POPLIN RIPSTOP
M — SITE B VS. M - DPSC

18 20

M -~ SITEB

SITE B DARK GREEN 355
100% COTTON POPLIN RIPSTOP
M — SITEB VS, M\ — DPSC

AA - STTEB

,,,,,
.....
"
_____

T ¥

03 05

¥ 13 L

07 09 11 13 15
M - DPSC

17 1

FAGURE 15
SITE B BROWN 356
100% COTTON POPLIN RIPSTOP
AA — SITE B VS, AA - DPSC
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LEGEND FOR SYMBOLS

FIGURES 13 — 15
FIGURES 13 — 15, LINEAR REGRESSION FIT AT 85 PERCENT]
CONFIDENCE LEVEL COMPARING AA SITE B VS. AA DPSC
FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
PATTERN, 100% COTTON POPLIN RIPSTOP

+ = BOTH DPSC AND SITE B PASS
u = BOTH DPSC AND SITE B FAILL
A = DPSC — PASS, SITEB — FAL
- = DPSC — FAIL, SITE B ~ PASS
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FIGURE 18
SITE B LIGHT GREEN 354 SITE B DARK GREEN 358
100% COTTON POPLIN RIPSTOP 100% COTTON POPLIN RIPSTOP
" AR — SITE BVS. A ~ NATICK A — SITE B VS. AA — NATICK
LEGEND FOR SYMBOLS
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AGURE 18
SITE B BROWN 358
100% COTTON POPLIN RIPSTOP
A — SITE B VS. A — NATICK

FIGURES 16 — 18
FIGURES 16 — 18, LINEAR REGRESSION FIT AT 95 PERCENT|
CONFIDENCE LEVEL COMPARING AA SITE B VS. AA NATICK
FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
PATTERN, 100% COTTON POPLIN RIPSTOP

» = BOTH NATICK AND SITE B PASS
u = BOTH NATICK AND SITE B FAIL
A = NATICK — PASS, SITEB — FAIL
» = NATICK — FAIL, SITE B — PASS
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19. FIGURES 19 — 21

17- FIGURES 19 - 21, LINEAR REGRESSION FIT AT 95 PERCENT
é :gj CONFIDENCE LEVEL COMPARING AA NATICK VS. AA DPSC
2 4y FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
é 08 - PATTERN, 100% COTTON POPLIN RIPSTOP
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M — DPSC

RGURE 21
SITE B BROWN 356
100% COTTON POPLIN RIPSTOP
A — NATICK VS. M - DPSC

+ = BOTH DPSC AND NATICK PASS
1 = BOTH DPSC AND NATICK FAIL
& = DPSC — PASS, NATICK - FAIL
« = DPSC — FAIL, NATICK — PASS
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FIQURE 22 ROURE 23
SITE C LIGHT GREEN 354 SITE C DARK GREEN 355
100% COTTON POPLIN RIPSTOP 100% COTTON POPLIN RIPSTOP
M — SITEC VS, AA —~ DPSC M-SFTECYS.M~Dm
LEGEND FOR SYMBOLS
FIGURES 22 — 24
| FIGURES 22 — 24, LINEAR REGRESSION FIT AT 95 PERCENT)
o CONFIDENCE LEVEL COMPARING AA STTE G VS. AA DPSC
5 FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
: PATTERN, 100% COTTON POPLIN RIPSTOP

» = BOTH DPSC AND SITE C PASS
n = BOTH DPSC AND SITE C FAIL
A = DPSC — PASS, SITE C ~ FAIL
. = DPSC — FALL, SITE C — PASS
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FIGURE 25 FAGURE 26
SITE C LIGHT GREEN 354 SITE C DARK GREEN 355
100% COTTON POPLIN RIPSTOP 100% COTTON POPLIN RIPSTOP
M — SITE C VS. sA — NATICK 5A - SITE C VS. AA — NATICK
LEGEND FOR SYMBOLS
FIGURES 25 — 27

M — NATICK

FIGURE 27
SITE C BROWN 356
100% COTTON POPLIN RIPSTOP
M - SITE C VS, AA — NATICK

FIGURES 25 — 27, LINEAR REGRESSION AT AT 95 PERCENT

CONFIDENCE LEVEL COMPARING AA SITE C VS. AA NATICK

FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
PATTERN, 100% COTTON POPLIN RIPSTOP

« = BOTH NATICK AND SITE C PASS
= BOTH NATICK AND SITE C FALL
A = NATICK ~ PASS, SITEC — FAILL
« = NATICK - FAIL, SITE C — PASS
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SITE C LIGHT GREEN 354 SITE C DARK GREEN 955
100% COTTON POPUN RIPSTOP 100% COTTON POPUIN RIPSTOP
A — NATICK VS. AA - DPSC M—NA'I'ICKYS.AA—WSO
LEGEND FOR SYMBOLS
FIGURES 28 — 30
FIGURES 28 — 30, LINEAR REGRESSION FIT AT 85 PERCENT]
5 CONFIDENCE LEVEL COMPARING AA NATICK VS. AA DPSC
3 FOR THREE SHADES OF THE WOODLAND CAMOUFLAGE
. PATTERN, 100% COTTON POPLIN RIPSTOP

M - DPSC

FIGURE 30
SITE C BROWN 358
100% COTTON POPLIN RIPSTOP
AA — NATICK VS. AA — DPSC

+ = BOTH DPSC AND NATICK PASS
iz = BOTH DPSC AND NATICK FAL
A = DPSC — PASS, NATICK — FAIL
+ = DPSC —~ FAIL, NATICK ~ PASS




Gltmougn it iz osipectec that cifferent instruments will oroduce
glightly cifferent cata, the L¥, 2% ang b¥ data for beoth stardard anc
3aT5.2 cata for each site were analyzed to determine 1f & clear cause
for the 2ifferences could he found. The variables which coulg contribute
to these differaznces 1aclude the instruments themselves and instrumental
error; the number of aperators with various levels of measurement

sperience conducting testing; aifferent gieces of the standgard roll
measured at each site, and messurement procedure. No definite patterns
aopeared in the enalysis but 1t did indicate more variability in the data
+or the three satellite sites than in the data for either DPFSC or Natick.
This would indicate that measurement procedure is the largest contributing
factor to the differences 1n 448 values between testing sites.

CONCLUSIONS anND RECOMMENDATIONS

Th2 analysis demonstratesz tnat the instruments performed well and the
system works as intended. The implementation of the objective method for
detzrmiring snade acceptapility into the Army’'s guality assurance program
will penefit the government and industry by reducing disputed
accaptability cdecisions, reducing the turn-around time for the evaluation
and improving tne guality of military end items. However, it 15 1mportant
to remember that this metnod, or any other objective metnod +for
determining shade acceptability, is limited by the state of technolegy and
tne accuracy of the humarn element Iin the procedure.

Future develcoments 1n the optics ang computer ingustries wiil oring
greater scesd ant accuracy o commercially available instrunentation,
which 1s presently very gcod. The human element in the proceduwre remalns
the 1mportant factor. Instrumentation must te maintainsd conscientiously,
and careful measdrement procedures are cruciral. As Matiow and DFSC work
to trarsition this project from the develicpmert to the imolementation
stage, greater enphasis will be rlaced on training the operators in proper
measurement procedures to maintain the degree of accuracy that has been
produced in tne laborstory, in the industrial environment.

This document reports research undertaken at the

US Army Natick Research, Development and Engineering
Center and has been assigned No. NATICK/TR-%/04<
in the series of reports approved for publication.
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